ngiographic and pathological investigations have indicated racial differences in atherothrombotic occlusive diseases of both the anterior and posterior cerebral circulation. [1] [2] [3] [4] [5] [6] [7] [8] [9] Specifically, extracranial atherosclerosis is more common in whites, whereas intracranial atherosclerosis is more frequent in blacks and Orientals.
Epidemiological studies have shown that not only genetic factors but also environmental factors are associated with the distribution of atherosclerosis. The Ni-Hon-San study showed that the level of blood pressure did not differ between Japanese men living in Japan and Hawaii, but the incidence of stroke was higher in Japan than in Hawaii, which was inversely associated with dietary animal protein and fat.'0"11 The study also reported that serum levels of cholesterol, glucose, uric acid, and triglycerides were lower in Japan No patients had a history of or concomitant arterial embolism of the limbs or other parts of the body, or rheumatic heart disease, atrial fibrillation, acute myocardial infarction, prosthetic cardiac valve, nonischemic cardiomyopathy, infective endocarditis, nonbacterial thrombotic endocarditis, congenital septal defect, or cardiac tumor, which were possible sources of cardioembolic stroke. 15 Angiographic examinations were performed via the transfemoral route in 137 patients and via the brachial route in the remaining 17 patients. After discarding missing, inadequate, or unsatisfactory angiographic studies, we were able to obtain good visualization of the right carotid system in 144 patients (93.5%), of the left carotid system in 133 patients (86.4%), and of the basilar system in 132 patients (85.7%). The proximal part of the extracranial vertebral arteries was not routinely examined. We therefore omitted the investigation of vertebral arteries from the current study.
In the ICA and MCA groups, we measured the degree of stenosis of the contralateral ICA origin, the MCA trunk, and the BA according to the method of Alter et al, 16 relating the diameter of the narrowed lumen to the lumen proximal to the stenosis. In group, the degree of stenosis of the bilateral ICA origin and MCA trunk was also measured by the same method, and the degree of stenosis on the side with greater stenosis was taken as the representative degree of stenosis of the extracranial ICA and MCA trunk. In patients whose carotid system was evaluated unilaterally, the degree of stenosis on the evaluated side was taken. We considered lesions with <25% narrowing as mild stenosis, those with .25% to <75% as moderate stenosis, and those with .75% as severe stenosis. We compared the degree of stenosis of the extracranial ICA, MCA trunk, and BA in the ICA and MCA groups, and that of the extracranial ICA and MCA trunk in the BA group. In accordance with these data, we analyzed whether any relation existed in the distribution of atherosclerosis.
The following data were carefully collected for each patient from the medical records: 1) (Figure 1 ).
In addition, the degree of stenosis of the BA was also significantly greater than that of the MCA trunk.
In (Figure 2 ). In the BA group, severe or moderate occlusive lesions of the extracranial ICA were detected in 15 patients (55.5%), whereas very few patients had moderate stenotic lesions of the MCA trunk ( Table 1 ). The degree of stenosis of the ICA origin (38.8±5.7%) in this group was significantly greater than that of the MCA trunk (20.0±2.0%) (Figure 3 ).
There were no sexual differences in the distribution of atherosclerosis between the ICA, MCA, and BA groups (Figures 1-3) .
Risk factors and concomitants with respect to each group are summarized in Table 2 .
The prevalence of smoking, hypertension, ischemic heart disease, and high voltage on ECG was higher and serum levels of HDL cholesterol were lower in the three CVD groups than in the control group. The prevalence of diabetes mellitus and serum levels of HbAlc, total cholesterol, and LDL cholesterol were significantly higher in the ICA and BA groups than in the control group but were not higher in the MCA group. No significant difference was found in the triglyceride level between the three groups and the control group.
In the ICA, MCA, and BA groups, there were no differences in age, prevalence of smoking, hypertension, and serum levels of triglycerides and HDL cholesterol. However, ischemic heart disease and diabetes mellitus were more frequently found in the ICA and BA groups than in the MCA group. The serum levels of HbAlc in the ICA and BA groups were higher (significant in the ICA group men and in the total) than those in the MCA group. The incidence of high voltage on ECG was higher in the MCA group than in the other groups. The total cholesterol and LDL cholesterol concentrations in the ICA and BA groups were higher than those in the MCA group.
Discussion
The ICA origin, MCA trunk, and BA, which were investigated in this study, have been shown to be frequently involved by atherosclerosis. Baker and Iannone19 investigated the location and severity of atherosclerosis in 173 consecutive autopsy cases and found that the most common sites of involvement were the ICA origin and the distal BA. The MCA and the proximal and mid portions of the BA were the next most frequently involved.
In patients with extracranial ICA occlusion, occlusive lesions were also commonly seen in the contralateral ICA. Likewise, in patients with MCA trunk occlusion, occlusive lesions on the contralateral side were often found. These findings suggest that ICAs or MCAs on both sides were affected very similarly by hemodynamics and risk factors for atherosclerosis.
In patients with extracranial ICA occlusion, atherosclerotic changes were more often seen in the BA than in the MCA trunk, and in BA occlusion, these changes were more commonly noted in the extracranial ICA than in the MCA trunk. However, ICA and BA lesions were rarely seen in patients with MCA occlusion. These results suggest that there is a stronger relation between the distribution of atherosclerosis in the extracranial ICA and BA than that in the extracranial ICA and MCA trunk or that in the BA and MCA trunk. Atherosclerosis of the extracranial ICA has been reported to be accompanied rarely by an MCA trunk lesion, and this finding has been explained mainly by racial differences.1-8 ICA lesions are more common in whites, whereas MCA lesions are more frequent in blacks and Orientals. The same racial differences have also been reported in the posterior circulation.9 However, there are few reports on the relation in the distribution of atherosclerosis between the extracranial ICA and BA or that between the MCA trunk and BA.
Regarding the concomitants and risk factors for atherosclerosis, our data indicate that smoking, hypertension, and low levels of HDL cholesterol are basically related to atherosclerosis of the major brain vessels. These factors have already been emphasized as risk factors for atherosclerosis.2021 Moreover, in our study, there were curious differences in risk factors and other concomitants that were associated with the distribution of atherosclerosis. The prevalence of ischemic heart disease and diabetes mellitus and serum levels of HbAlc, total cholesterol, and LDL cholesterol in the ICA and BA groups were higher than those in the MCA group. It has already been indicated that the extracranial ICA atherosclerotic lesions tended to coexist in patients with coronary heart disease and were commonly associated with hypercholesterolemia.13 '14,21 These reports are consistent with our results. In addition, our results suggest that ischemic heart disease and a high level of serum cholesterol are strongly associated not only with extracranial ICA lesions but also with BA lesions.
Although the Framingham study indicated that diabetes mellitus was an independent risk factor for cerebral infarction, 22 it has yet to be fully elucidated whether diabetes mellitus affects the distribution of atherosclerosis in cerebral arteries. Bogousslavsky et al14 reported that the prevalence of diabetes mellitus was higher in patients with ICA occlusion than in control subjects. Gorelick et a19 investigated racial differences in the distribution of posterior circulation occlusive disease diabetes mellitus were more common in blacks than in whites. Our results also suggest that diabetes mellitus is strongly associated with the extracranial ICA and BA.
On the other hand, although the prevalence of hypertension in the MCA group was not significantly higher than in the ICA and BA groups, high voltage on ECG was more common in the MCA group than in the other two groups. This result suggests that advanced hypertension is associated with atherosclerosis of the MCA trunk. Some reports have already indicated that occlusive lesions of the intracranial cerebral arteries are associated with severe hypertension. 23, 24 According to the modified Fisher's classification of occlusive CVD presented by Caplan et al,7 extracranial ICA and BA lesions belong to the same group, consisting of lesions of large arteries, which are commonly seen in whites, and they are closely related to serum lipid levels and coronary heart disease. Our results suggest that not only in whites but also in the Japanese population, atherosclerosis of extracranial ICA and BA is strongly associated with serum lipid levels and coronary heart disease.
In conclusion, atherosclerosis of the major cerebral arteries is basically associated with smoking, hypertension, and low serum levels of HDL cholesterol. In addition to these risk factors, diabetes mellitus and high serum levels of total or LDL cholesterol may play a role in the development of ICA and BA atherosclerosis, and advanced hypertension may be related to MCA trunk atherosclerosis.
